The experiments were carried out to assess the quality of mango at different ripening stages. The two factor experiment was laid out in completely randomized design (CRD) with three replications. The experiment comprised four varieties, viz., V 1 : BAU Aam-1, V 2 : BAU Aam-6, V 3 : BAU Aam-7, V 4 : BAU Aam-8 and five ripening stages. Among the attributes total weight loss, dry matter content, total soluble solids (TSS), sugar content (total, reducing and non-reducing), disease incidence increased, while the moisture, vitamin C contents and titratable acidity decreased with the increase in duration of storage. Among the four varieties, BAU Aam-6 showed better results in relation to the most of the characters examined. Ripening stage-5 of mango fruit was observed to be the best among the five ripening stages in relation to the most of the chemical characters examined. Finally, it can be concluded that the results of this experiment will be useful with particular reference to quality control, preparation for transportation and marketing, and will also be beneficial for both the growers and consumers.
Introduction
Mango (Mangifera indica L.) is a popular and fleshy fruit belonging to the genus Mangifera, under the botanical family Anacardiaceace. Mango is recognized one of the best fruits of all indigenous fruits due to its excellent flavor, attractive fragrance and beautiful shades of color, delicious taste and high nutritive value. It is grown commercially in seven countries. Several hundred varieties are grown in the Indian subcontinent but a few specific varieties are commercialized according to preference of different regions of the countries. About 250 varieties are grown in Bangladesh (Shafique, 2006) .
Mango is grown in tropical and sub tropical climates. Due to soil and climatic limitations production of quality mangoes is confined only to the North-West region of the country such as Chapai Nawabgonj, Rajshahi, Rangpur, Dinajpur, Kushtia and Jessore. In Bangladesh in terms of total area and production of fruit crops, mango ranks second in terms of area and production. During the period of 2010-2011 it occupies 27466.40 hectare of land total production was 889176 metric tons (BBS, 2012) . But the yield is very low compared to that of India, Pakistan and other countries of the world (Hossain and Ahmed, 1994 ).
The mango is nutritionally superior and one of the most valuable fruits in the world. It is rich in several vitamins. It is a source of vitamins (especially β-carotene and C), minerals and total soluble solids (Pramanik, 1995) . Ripe mango contains a high amount of carotene. It is also a medium source of carbohydrates (Salunkhe and Desai, 1984) . In addition, each 100 g edible portion of mango as much as 74 Kcal which is nearly equals the energy values of boiled rice of similar quantity by weight (Hossain, 1989a) . Consumer acceptance is mostly dependent on color of the product (Crisosto et al., 2003) . Its starch is used in confectionery industry. Mango has also medicinal uses. The ripe fruit has fattening, diuretic and laxative properties. It helps to increase digestive capacity.
Mango is a climacteric fruit, so the physical and chemical properties of mango change with different stage of ripening during storage. It is necessary to study the changes of physical and chemical properties of mango at different ripening stage. However, due to lack of scientific information on physiochemical characters of the fruit of mango grown under Bangladesh conditions, a large quantity of this valuable fruit is wasted during the peak season, particularly in "on" years. With this end in view, the present study was, therefore, carried out to see the physical and chemical changes at different ripening stage during storage.
Materials and Methods
The experiment was conducted at the Laboratory of the Department of Horticulture, and Department of Biochemistry and Molecular Biology, Bangladesh Agricultural University (BAU), Mymensingh, during the period from July to August, 2015.
The experimental materials were mature hard fruits of four mango varieties, namely, cvs. BAU Aam-1, BAU Aam-6, BAU Aam-7 and BAU Aam-8, which were collected from BAU-GPC (Germplasm Centre). Maturity of mangoes was indicated when the shoulders were in line with the stem end and the color was olive green. Maturity was also judged by the grower's recommendation with uniform size, shape, and free of any visible defects, disease symptoms and insect infestations were harvested. Then mangos were transported to the post-graduate Laboratory of the Department of Horticulture, BAU, Mymensingh. It was done carefully to avoid damage and injury. The skin adherences, dots and latex were cleaned by gently wiping the fruits with moist and clean towel.
The two factor experiment was laid out in completely randomized design (CRD) with three replications. The experiment comprised four varieties, viz., V 1 : BAU Aam-1, V 2 : BAU Aam-6, V 3 : BAU Aam-7, V 4 : BAU Aam-8 and five ripening stages, viz., stage-1 (unripe): when mango at light green color, stage-2 (early ripe): when mango turns from a lighter green to yellow color, stage-3 (partially ripe): when mango represents a halfgreen half-yellow color, stage-4 (ripe): when mango turns more yellow/orange and begins to soften, stage-5 (over ripe): when mango shows a golden yellow color.
Parameter studies
Physical parameters, such as, total weight loss, Moisture content, Dry matter content and Chemical parameters, such as, Total soluble solids (TSS), Vitamin C, Titratable Acidity (TA), Reducing sugar, Nonreducing sugar, Total sugar were studied in the present experiment.
Method of studying parameters
Weight loss, moisture -, dry matter -, total soluble solids-, reducing-, non-reducing and total sugarcontent were determined according to AOAC (2000) . Ascorbic acid content and titratable acidity were determined according to the method of Ranganna (1979) .
Results and Discussion
The results of the present study on changes in various physico-chemical parameters during storage and ripening of four varieties of mango are discussed in this chapter. Effects of variety and ripening stages on postharvest storage behavior namely weight loss, moisture content, dry matter content, total soluble solids, vitamin C, titratable acidity, total sugar contents, reducing sugar contents, non-reducing sugar contents, disease incidence, disease severity, causal pathogens as observed during the study have been discussed in the following sub-heading.
Effect of variety on quality of mango during storage
The highest weight loss (6.30%) was recorded in cv. BAU Aam-7 followed by BAU Aam-8 (5.98%), BAU Aam-6 (5.13%) while the lowest (4.80%) in BAU Aam-1 during storage ( Table 1 ). The highest moisture content was recorded during storage in cv. BAU Aam-1 (82.95%) followed by BAU Aam-7 (81.90%), BAU Aam-6 (81.87%) while the lowest (80.19%) in BAU Aam-8 (Table 1) . Among the four varieties highest dry matter content was recorded in cv. BAU Aam-8 (19.81%) while lowest (17.05%) in BAU Aam-1 (Table  1) . Table 1 . Effect of varieties on physical characters of mango during ripening ** Significant at 1% level of probability Percent total soluble solids (TSS) contents increasing with the increase of storage period for all four varieties. The highest total soluble solids contents (19.73% Brix) was found in cv. BAU Aam-8 and the lowest total soluble solids content (18.39% Brix) was found in BAU Aam-1 during storage whereas (Table 4 ). This increase in TSS content is due to the conversion of complex carbohydrates into simple sugars. This is correlated with hydrolytic changes in starch and conversion of starch to sugar being an important index of ripening process in mango and other climacteric fruits and further hydrolysis decreased the TSS contents during storage (Kays, 1991; Kittur et al., 2001) . The highest vitamin C content was recorded in cv. BAU Aam-6 (53.91 mg 100 g -1 ) and lowest (22.62 mg 100 g -1 ) in BAU Aam-1 (Table 4) . It was also remarkable that vitamin C contents declined steadily up to the end of ripening stage during storage. Absar et al. 1993 supported the above results of vitamin C. It was observed that BAU Aam-8 had highest titratable acidity (2.38%) and lowest (1.88%) in BAU Aam-6 (Table 4) . Titratable acidity was decreased gradually with the progresses of storage time. Total sugar content was observed higher (13.82%) in cv. BAU Aam-6 and lower total sugar content (12.33%) was observed in cv. BAU Aam-7 (Table 4) . However, the total sugar content was increasing trend in all four varieties during storage. Firmin, 1997 found increased reducing sugar content during maturation of the local and solo variety of papaya. Beside decrease the sugar content with the increasing storage period. Reducing sugar content was observed higher (6.96%) in cv. BAU Aam-6 and lower reducing sugar content (6.29%) was observed in cv. BAU Aam-7 (Table 4) . However, the reducing sugar content was increasing trend during storage. Nonreducing sugar content was observed higher (6.86%) in cv. BAU Aam-6 at and lower non-reducing sugar content (6.04%) was observed in cv. BAU Aam-7 (Table 4) . However, the non-reducing sugar content was increasing trend in both cases during storage.
The highest (31.47%) disease incidence observed in cv. BAU Aam-1, but cv. BAU Aam-6 showed the lowest (18.53%) disease incidence and BAU Aam-7 (22.20%) Table 2 . Effect of ripening stages on physical characters of mango during ripening S 1 (Unripe) = When mango at light green color, S 2 (Early ripe) = When mango turns from a lighter green to yellow, S 3 (Partially ripe) = When mango represents a half-green half-yellow color, S 4 (Ripe) = When mango turns more yellow/orange and begins to soften, S 5 (Over ripe) = When mango shows a golden yellow color (** Significant at 1% level of probability).
Effect of ripening stages on quality of mango during storage
The highest total weight loss (7.13%) was found at ripening stag-3 followed by ripening stage-5 (4.90%), ripening stage-4 (6.83%) while the lowest total weight loss (3.35%) was at ripening stage-2 (Table 2) . Haque (1985) reported that the weight loss of bananas occurred due to the loss of water from the fruits, microbial decay and storage environment like temperature and humidity. High temperature enhanced weight loss but low temperature reduced weight loss during ripening and storage. Treated fruits showed lower weight loss than untreated fruits which is similar as report of Naher (2000) . Naher noted that refrigerated (9.73%) and perforated polythene bagged (11.74%) fruits showed minimum total weight loss during storage, whereas untreated fruits exhibited maximum (22.90%) weight loss. Highest rate of moisture content (84.25%) was found at ripening stage-1 and lowest (78.71%) at ripening stage-5 (Table 2) . At ripening stage-5 highest rate (21.29%) of dry matter content was recorded and lowest (15.75%) at ripening stage-1 (Table 2) . (Table 5) . It was also remarkable that vitamin C contents declined steadily up to the end of ripening stage during storage. Highest titratable acidity (3.59%) was recorded at ripening stage-1 and lowest (1.22%) at ripening stage-5 (Table 5) . Titratable acidity was decreased gradually with the progresses of ripening stage. At ripening stage-5, the highest total sugar content (17.14%) was recorded while the lowest total sugar content (6.88%) was found at ripening stage-1 (Table 5 ).
The postharvest storage treatments used in the present study showed a noticeable effect on reducing sugar content of mango during storage. The highest rate of reducing sugar content (8.96%) was recorded at ripening stage-5 while lowest rate reducing sugar content (4.03%) was found at ripening stage-1 (Table  5) . Further, it was noticed that the reducing sugar content was gradually increasing in all the ripening stages, during storage. At ripening stage-5, the highest non-reducing sugar content (8.18%) was observed while the lowest non-reducing sugar content (2.85%) was found at ripening stage-1 (Table 5) . Table 4 . Effect of varieties on chemical characteristics of mango during ripening TS= Total sugar; RS= Reducing sugar; NRS= Non-reducing sugar; TSS= Total soluble solids; TA= Titratable acidity ** Significant at 1% level of probability Combined effects of variety and ripening stages on quality of mango during storage The combined effect of ripening stages and varieties on total weight loss was highly significant in all stages that observed. The highest total weight loss (10.20%) was found in BAU Aam-7 at ripening stage-3, while it was the lowest (2.30%) in BAU Aam-1 at ripening stage-2 (Table 3) . Highest rate of moisture content (85.24%) was found at ripening stage-1 in BAU Aam-7 and lowest (77.26%) at ripening stage-5 in BAU Aam-8 (Table 3) . Dry matter content was in the increasing trend at varying degrees as influenced by different ripening stages. The amount of dry matter content was higher in BAU Aam-8 at ripening stage-5 than those of other ripening stages. The highest dry matter content (22.74%) was found in BAU Aam-8 at ripening stage-5 and the lowest dry matter content (14.76%) was observed in BAU Aam-7 at ripening stage-1 (Table 3) . The combined effects of variety and ripening stages of mango in respect of TSS content was significant during storage period. The degree of increase in TSS value for different ripening stages might be due to the modified internal atmosphere and physiological aspects of mango fruits, suppressed respiration and metabolic processes, which involve in increasing TSS at different magnitudes. The highest TSS content (22.95% Brix) was found in BAU Aam-6 at ripening stage-5, while the lowest TSS content (12.25% Brix) was found in BAU Aam-1 at ripening stage-1 (Table 6 ). This increase in TSS content is due to the conversion of complex carbohydrates into simple sugars. This is correlated with hydrolytic changes in starch and conversion of starch to sugar being an important index of ripening process in mango and other climacteric fruits and further hydrolysis decreased the TSS content during storage (Kays, 1991; Kittur et al., 2001 ). The combined effects of variety and ripening stages on vitamin C content were significant during storage period. The lower vitamin C content (18.15 mg 100g ) was found in BAU Aam-6 at ripening stage-1 (Table 6 ). This result is supported with the findings of Shahjahan et al. (1994) . They stated that maximum portion vitamin C was lost when the fruits were stored at room temperature (26-30°C). The combined effects of variety and different ripening stages in respect of titratable acidity were statistically significant during storage period. The higher titratable acidity (4.04%) was recorded in BAU Aam-8 at ripening stage-1 and the lowest (1.18%) was found in BAU Aam-1 at ripening stage-5 (Table 6 ). The highest total sugar content (18.50%) was observed in cv. BAU Aam-6 at ripening stage-5 while the lowest (6.42%) in cv. BAU Aam-1 at ripening stage-1 (Table 6 ). Considering the combined effects, the highest reducing sugar content (9.49%) observed in cv. BAU Aam-6 at ripening stage-5, while the lowest (3.85%) observed in cv. BAU Aam-1 at ripening stage-1 (Table 6 ). The highest non-reducing sugar content (9.01%) in cv. BAU Aam-6 at ripening stage-5, while the lowest (2.57%) in cv.BAU Aam-1 at ripening stage-1 (Table 6 ). Initial rise in non-reducing sugar content may be due to the breakdown of starch into non-reducing sugar and subsequent slower increase may be attributed to conversion of some of nonreducing sugars to reducing sugar. 
